The surgical treatment of urethral stricture diseases is continually evolving. Although various surgical techniques are available for the treatment of anterior urethral stricture, no one technique has been identified as the method of choice. This article provides a brief updated review of the surgical options for the management of different sites and different types of anterior urethral stricture. This review also covers present controversies in urethral reconstruction. Among the various procedures available for treating urethral stricture, one-stage buccal mucosal graft urethroplasty is currently widely used. The choice of technique for urethroplasty for an individual case largely depends on the expertise of the surgeon. Therefore, urologists working in this field should keep themselves updated on the numerous surgical techniques to deal with any condition of the urethra that might surface at the time of surgery.
INTRODUCTION
The male urethra can be divided into two parts: the posterior urethra, including the membranous and prostatic urethra, and the anterior urethra. The anterior urethra classically is divided into the bulbar and the penile urethra. Basically, the term urethral stricture refers to anterior urethral disease by consensus of the World Health Organization conference [1] . In contrast, posterior urethral "strictures" are not included in the common definition of urethral stricture. Distraction defects are processes of the membranous urethra associated with pelvic fracture. Other narrowings of the posterior urethra are termed urethral contractures or stenoses [1] .
The bulbar urethra is enclosed by the bulbospongiosus muscle and the penile urethra runs from the distal margin of the bulbospongiosus to the fossa navicularis and external meatus. Surgical treatment of urethral stricture diseases is continually evolving. Although various means of reconstructing the urethra exist, the best technique has not yet been clearly defined [2] . The urologist must be up-to-date with the use of numerous surgical techniques to deal with any condition of the urethra that might surface at the time of surgery.
This review article aims to provide an update on the management of anterior urethral strictures, with a focus on options for urethroplasty at different sites and for different types of stricture.
MANAGEMENT OF BULBAR URETHRAL STRICTURE
According to the results of a nationwide survey, direct vision internal urethrotomy (DVIU) is used for most urethral strictures in the United States [3] and the situation is similar in Korea. Many urologists erroneously believe that there is a "reconstructive ladder" and that urethroplasty is considered only after successive failed dilations or urethrotomies [3] . However, repeated DVIU can increase the length and density of spongiofibrosis, thus making definitive surgical intervention more difficult [4] . The most cost-effective strategy for the management of short, bulbar urethral strictures is to reserve urethroplasty for patients in whom a single DVIU fails [5] . Meanwhile, it might be more cost-effective to go straight to primary urethroplasty because most patients want a cure [6] .
End-to-end anastomosis
In the bulbar urethra, the surgical technique should be selected mainly according to stricture length, but the stric- ture etiology and density of the spongiofibrosis tissue should be taken into account [7] . The gold standard for the treatment of a short stricture of the bulbar urethra is excision, spatulation of the two ends, and an end-to-end anastomosis, whether the lumen is completely occluded or not ( Fig. 1 ) [2] . Short bulbar strictures are generally amenable to complete excision with primary anastomosis via a perineal incision, affording a high success rate of 95%, as reported by Santucci et al. [8] . Eltahawy et al. [9] published their series of 260 patients with bulbar stricture who underwent end-to-end anastomosis with a mean follow-up of 50.2 months. The stricture length ranged 0.5 to 4.5 cm (mean, 1.9 cm) and the authors reported a success rate of 98.8%. Recently, Barbagli et al. [10] described a success rate of 90.8% in 153 patients who underwent bulbar end-to-end anastomosis with a mean follow-up of 68 months.
The ideal stricture length for excision and end-to-end anastomosis has been a contentious issue. Guralnick and Webster [11] insisted that this operation should be limited to strictures of 1 cm or less, because excision of a 1-cm urethral segment with opposing 1-cm proximal and distal spatulations results in a 2-cm urethral shortening. They emphasized that excision of a longer urethral segment risks penile shortening or chordee [11] . In general, the stricture length best manageable by excision and primary anastomosis is 2 cm or less [9, 12] .
However, strictures longer than 2 cm can be managed successfully in selected patients with end-to-end anastomosis [8] [9] [10] . Morey and Kizer [13] reported on a selected cohort of 22 patients with proximal bulbar urethral strictures longer than 2.5 cm treated with an extended anastomotic approach and suggested that urethral reconstructability is proportional to the length and elasticity of the distal urethral segment. They reported a 91% success rate, concluding that defects up to 5 cm can be successfully excised and primarily reconstructed in select young men with proximal bulbar strictures [13] .
The impact of previous treatment on surgical outcomes is controversial. In the recent series reported by Santucci et al. [8] and Eltahawy et al. [9] , 55% and 69.2% of patients had a history of failed attempts of urethroplasty or DVIU, respectively, and despite this, surgical outcomes were equally excellent. By contrast, in the study by Barbagli et al. [10] , the only group of patients who had a lower success rate (78.6%) had undergone multiple treatments (dilation, DVIU, or urethroplasty), whereas the other groups (prior single or no treatment) showed similar success rates ranging from 92.1% to 100% without any statistical significance. It was also suggested that endoscopic or open urethral manipulation before anastomotic urethroplasty for posttraumatic urethral stricture has a significant impact on the outcome of urethral reconstruction [14] .
1) Nontransecting anastomosis
Recently, Andrich and Mundy [15] developed a novel approach to the excision and end-to-end anastomotic repair of bulbar urethral strictures without transecting the urethra. Transecting the urethra allows complete removal of scarred tissue but may cause vascular and neuronal damage to the urethra, thus promoting urinary and sexual dysfunction [16] . By contrast, the nontransecting technique, in which the corpus spongiosum is not transected, allows intact maintenance of the blood supply [15, 16] . Andrich and Mundy [15] used this technique in 22 patients (mean age, 34 years). After mobilization of the urethra, a dorsal stricturotomy was made sufficient to open into the normal caliber urethra on either side. The urethral stricture was excised with the surrounding spongiofibrosis in 18 of 22 patients, leaving the healthy ventral spongiosum intact. In 4 of the 22 patients the urethra was simply opened longitudinally and closed transversely at the site of the stricture. Of 16 patients who had been followed up for a minimum of 1 year, surgery was successful in all (100%) [15] . The authors argued that the only indication for urethral transection nowadays is urethroplasty after urethral trauma when, in many instances, there is a more or less obliterated segment of the urethra [15] .
Substitution urethroplasty
The gold standard for a long bulbar stricture (≥2 cm), where the urethral lumen is relatively well preserved and the spongiofibrosis around the lumen is limited, is a stricturotomy and dorsal patch substitution urethroplasty using a buccal mucosal graft (BMG), with success rates higher than 90% [17] [18] [19] . This is commonly called the Barbagli
FIG. 3.
Retrograde urethrographic appearance before (A) and after (B) surgery in the same patient (Fig. 2) .
FIG. 2.
Intraoperative picture of a substitution urethroplasty with ventral onlay buccal mucosal graft (BMG). (A) The corpus spongiosum is opened along ventral surface and the urethral lumen is fully exposed proximally and distally to the stricture. Then the length and width of the BMG required for the augmentation are measured. (B) BMG is trimmed to its appropriate size and the two ends of the graft are sutured to the proximal and distal end of the urethrotomy. Running suture is used to complete a watertight anastomosis between the right margin of the BMG and the right margin of the urethral mucosal plate. (C) The graft is rotated over the catheter and a running suture is completed on the opposite margin of the graft and the urethral mucosa. (D) The spongiosum is closed over the BMG using interrupted sutures.
procedure. The lip is no longer popular because of the potential morbidity of harvesting from that site compared with the cheek [20] . In recent years, dorsal stricturotomy with patching and ventral stricturotomy with patching have become equally popular [21, 22] . In one meta-analysis, BMG had the highest success rate (88.1%) and the success rate was similar between the dorsal and ventral onlay techniques (89.2% vs. 87.6%, p=0.472) [22] . The advantage of a ventral onlay graft is that it is an easier approach with less mobilization of the urethra but the stricturotomy is into the most vascular and thickest part of the urethra; thus, there is more bleeding and the graft appears to be less secure [20] . The surgical techniques of ventral onlay BMG were illustrated well by Barbagli et al. [23] . Figs. 2 and 3 show a representative case and results. The suggested benefits of a dorsal onlay graft consist of less bleeding from the thinnest and least vascular aspect of the urethra and quilting of the graft onto the tunica albuginea, which is much more secure; however, the procedure is technically more demanding [24] . Recently, Kulkarni et al. [25] performed a new one-sided anterior dorsal BMG urethroplasty with preservation of the lateral vascular supply to the urethra, the central tendon of the perineum, the bulbospongiosus muscle, and its perineal innervation.
Augmented anastomotic urethroplasty
Guralnick and Webster [11] described a technique that combines the principles of excision and anastomosis with those of onlay grafting for long bulbar urethral strictures that contain a 1-to 2-cm area that is particularly narrow and dense. In this technique, the segmental excision of the worst section of the stricture (but only up to 2 cm) is followed by anastomosis of the dorsal or ventral urethral wall. Guralnick and Webster [11] used this technique in 29 patients with bulbar urethral strictures with a success rate of 93% at a mean follow-up of 28 months. They used ventral onlay in 9 and dorsal onlay in 20 patients. Abouassaly and Angermeier [26] reported their experience of augmented anastomotic urethroplasty in 69 patients with a success rate of 90% at a mean follow-up of 34 months. In 58 patients (84%) the graft was placed ventrally, whereas in 11 (16%) it was placed in the dorsal position. Originally, the dorsal onlay introduced by Barbagli et al. [17] was favored to avoid pseudodiverticulum formation and sacculation of the graft and to offer a good bed for the graft take [11] . El-Kassaby et al. [27] reported the largest series using augmented anastomotic urethroplasty with ventral BMG onlay. They reported a success rate of 93.7% in 233 patients with a mean follow-up of 36 months. The authors described that sacculation or pseudodiverticulum formation is more prone to 
FIG. 5.
Retrograde urethrographic appearance before (A) and after (B) surgery in the same patient (Fig. 4) .
develop with the use of pedicled flaps rather than grafts [27] . A recent systematic review of graft augmentation urethroplasty techniques also showed that there is no significant difference between the average success rates of the dorsal and the ventral onlay when considering the bulbar urethra [28] . I agree with the opinion that in many cases the decision to perform augmented anastomotic urethroplasty is based on the surgeon's experience and the intraoperative determination of whether this approach would provide benefit in one of the ways described [27] .
1)
Augmented nontransected anastomotic urethroplasty Augmented nontransected anastomotic urethroplasty is a modification of augmented anastomotic urethroplasty and involves complete stricture excision without transection of the spongiosum [29] . A dorsal urethrotomy is performed until healthy mucosa is encountered and the decision is made to perform either a dorsal onlay substitution urethroplasty or an augmented nontransected anastomotic urethroplasty with BMG. The BMG is placed dorsally and fixed to the cavernosal bodies [29] . An augmented nontransected anastomotic urethroplasty is preferred for cases in which there is an area of urethral obliteration that precludes the creation of a satisfactory lumen size with a simple substitution urethroplasty [29] . Forty-four men (23 substitution urethroplasty, 21 augmented nontransected anastomotic urethroplasty) with a median follow-up of 2.3 years were identified in one study. The overall success rate was 93% and was not statistically different between groups [29] . Augmented nontransected anastomotic urethroplasty can be performed with ventral urethrotomy and ventral placement of a BMG (Figs. 4, 5) . thral strictures. In the penile urethra, excision and end-to-end anastomosis is not possible without causing penile chordee. In general, the choice of a surgical procedure for the management of penile urethral strictures is based on the etiology of the disease and the condition of the penis and urethra [30] . In patients with a normal penis, the penile skin, urethral plate, corpus spongiosum, and dartos fascia are available for urethral reconstruction, and a one-stage urethroplasty is the surgery of choice. By contrast, in patients with a failed hypospadias repair in whom the penile skin, urethral plate, and dartos fascia are not available for urethral reconstruction, a multistage urethroplasty is generally recommended [31] .
MANAGEMENT OF PENILE URETHRAL STRICTURE

One-stage urethroplasty 1) Penile urethroplasty with flap
In 1968, the American urologist Orandi [32] presented a new one-stage urethroplasty technique that applies the principles of pedicled skin grafting. Flaps are preferred to grafts in long, recurrent strictures [33] . The Orandi technique remains the gold standard for nonobliterative strictures within the penile shaft that are not due to lichen sclerosus. However, one has to be careful to get the width of the flap right, and this is not easy to judge, which is why the procedure carries a significant complication rate [2] . Over time, Quartey [34] , McAninch [35] , and Jordan and Stack [36] popularized a new one-stage flap urethroplasty based on Orandi's original techniques. Among these modified procedures derived from the Orandi technique, the penile circular fasciocutaneous flap, as first described by McAninch [35] , is likely to be the most useful technique, with excellent cosmetic and functional results.
The benefits of using distal penile skin include its hairless nature, sufficient length (13 to 15 cm), flexibility, and versatility [37] . Even in previously circumcised men, good cosmetic results can be attained with this technique. Earlier reports have proven this technique to be a reliable method of urethral reconstruction, particularly when the dorsal urethral plate can be preserved [38] . Whitson et al. [37] reported the long-term efficacy of distal penile circular fasciocutaneous flaps for single-stage urethroplasty in 124 patients with complex anterior urethral strictures. The median follow-up period was 7.3 years (range, 1 month to 19.5 years), and the median stricture length was 8.2 cm (range, 0.5 to 24 cm). At 1, 3, 5, and 10 years, the overall estimated stricture-free survival rates were 95%, 89%, 84%, and 79%, respectively [37] .
During urethroplasty with a skin flap such as the Orandi technique, the flaps are traditionally placed on the ventral aspect of the stricture (Fig. 6) , which can lead to sagging, sacculation, and diverticulum formation with resultant stasis and postvoid dribble. Bhandari et al. [39] used the pedicled penile/preputial skin flap as a dorsal onlay for managing complex recurrent anterior urethral strictures and compared it with traditional ventral onlay. Although the success rate was not statistically different between the two groups, pseudo-diverticulum or sacculation with postvoid dribble occurred in six patients in the ventral onlay group (n=21) and none in the dorsal onlay group (n=19) (p=0.01) [39] .
2) Penile urethroplasty with graft
Since 1953, full-thickness free grafts have been used in the treatment of urethral stricture [40, 41] . In 1994, Snodgrass [42] developed his own surgical technique, in which the urethral plate was incised for distal hypospadias repair, and later Hayes and Malone [43] recommended laying a BMG into the longitudinally incised urethral plate in patients with a failed hypospadias repair. In 2001, Asopa et al. [44] developed a similar technique mainly for the repair of penile urethral strictures and claimed that the procedure is easier to perform and better because the urethra is not mobilized. Pisapati et al. [45] have used Asopa's ventral sagittal urethrotomy and dorsal free graft technique for anterior urethral strictures in patients with penile (5) and bulbar (25) or penobulbar (15) urethral strictures. They reported an 87% overall success rate at a mean follow-up of 42 months [45] .
Kulkarni et al. [25] described the use of a one-sided anterior urethroplasty utilizing the oral mucosa to preserve the lateral vascular supply to the urethra. Riechardt et al. [46] illustrated a modification of the original technique described by Barbagli et al. [17] that enables a better visualization of the mucosal margins while making the anastomosis, thus simplifying the original technique. The success rate of the modified technique was comparable with the original technique in a 3-year experience with 18 patients [47] .
The choice of surgical technique (flap vs. graft) can be made according to the status of the original urethral plate and penile corpus spongiosum tissue [48] . Basically, in patients with a wide, soft urethral plate and no fibrous spongiosum tissue, use of a graft is preferred. In contrast, in patients with a narrow, rigid urethral plate and fibrous spongiosum tissue, use of a flap is preferred [48] . Although a BMG seems to be better than a skin graft, the difference in success rate is so slight (82% vs. 78%) that it does not justify the use of a BMG as a first choice [48] .
Two-stage urethroplasty
Penile urethroplasty should be performed in a single stage whenever possible to avoid the patient discomfort and disability that can be caused by multistage procedures. However, in patients who have experienced failed hypospadias repair or in whom the penile skin, urethral plate, and dartos fascia are not suitable for urethral reconstruction, two-stage urethroplasty is recommended [31, 49] . Historically, complex lengthy urethral strictures were treated by two-stage scrotal inlay urethroplasty [50] [51] [52] . Unfortunately, the results of scrotal inlay urethroplasties were less than optimal. Scrotal skin has poor waterproofing qualities with resultant urinary dermatitis and later cicatrization. The scrotal skin is also hair-bearing, and intraurethral hair growth can lead to infection and be a nidus for stone formation, further predisposing to recurrent stricture.
To circumvent these problems, Schreiter and Noll [53] have been proponents of staged meshed graft urethroplasty, generally using full-thickness preputial skin. Later, Carr et al. [54] reported their experience with mesh graft urethroplasty for complex urethral stricture disease using mainly split-thickness skin grafts from the thigh.
Twenty men underwent mesh graft urethroplasty for complex strictures, mostly after failed urethroplasty. Meshed split-thickness skin grafts from the thigh (n=17) or full-thickness foreskin (n=3) was used [54] . Overall, the median time to closure was 5.5 months, and 6 men required revision before closure. A successful outcome was achieved in 12 of 15 men (80%) with a median follow-up of 38 months. Five men did not undergo closure owing to patient refusal or because the graft was not ready to be closed. Although mesh graft urethroplasty is a valuable adjunct to the treatment of complex urethral strictures, it is a multistage rather than a two-stage procedure [54] . The authors believed that extrapenile split-thickness grafts are superior to extrapenile full-thickness grafts because they are more pliable and graft take is superior [54] . However, full-thickness hairless extragenital skin grafting has yielded an optimal success rate [55] . Considering shrinkage of the graft, I prefer using extragenital full-thickness skin grafts for two-stage urethroplasty (Fig. 7) .
In 1995, Bracka [31] analyzed a personal series of over 600 cases of failed hypospadias repaired by the two-stage penile skin graft technique and concluded that a two-stage operation is an acceptable option that offers unique versatility, excellent reliability, and a sophistication of function and aesthetics that is hard to achieve with one-stage methods. In 2004, Snodgrass and Elmore [56] reported their initial experience with staged BMG (Bracha) urethroplasty after failed hypospadias surgery. Of the 25 cases, 3 (12%) required a second grafting procedure before tubularization and four partial glans dehiscences occurred after tubularization, requiring reoperative glansplasty [56] . Barbagli et al. [49] reported the results of one-stage (n=29) and multistage (n=31) urethroplasty in adults following multiple failed hypospadias repairs. In that series, 39% of the patients required more than two planned surgeries owing to complications after the first stage, which required a new grafting procedure [57] .
MANAGEMENT OF PANURETHRAL STRICTURE
Common causes of panurethral stricture involving the pen-ile and bulbar urethra are lichen sclerosus, urethral instrumentation, and catheterization [57, 58] . Management of panurethral strictures remains a great challenge for urologists. When considering heroic efforts to reconstruct the urethra, it is important to appreciate that complex reconstruction carries a significant failure rate and that creation of a formal perineal urethrostomy is a reasonable option for patients who are not good candidates for surgical treatment, particularly in the elderly, who commonly sit down to void anyway [59] . Panurethral stricture may be treated by using one-stage or multistage techniques according to disease etiology and extent and on the basis of the surgeon's background and preference [59] .
The most widely known approach is a "staged" SwinneyJohanson approach [60, 61] , with marsupialization of the urethra to the surrounding skin, followed by tubularization of a strip 3 to 6 months later. Although the Johanson staged urethroplasty has long fallen out of favor as a first-line therapy, it is still a good surgical option for difficult and complicated urethral strictures, especially those in the pendulous part [62] . In strictures involving all parts of the urethra, total urethroplasty could be performed [62] .
The penile circular fasciocutaneous flap, as first described by McAninch [35] , can be another approach with advantages including hairless nature, sufficient length, and flexibility [37, 38] . Morey et al. [63] developed a distal circumferential penile skin flap incorporating a ventral midline extension (Q-flap). The Q-flap provides an abundant hairless penile skin flap that enables one-stage panurethral reconstruction while eliminating the additional time and morbidity of harvesting further grafts [63] . El Dahshoury [64] used a zigzag-shaped annular penile fasciocutaneous flap (modified McAninch flap) to obtain a longer flap for reconstruction of pan-anterior urethral strictures. Berglund and Angermeier [65] suggested that the combination of a BMG and a genital skin flap (penile or scrotal) proved to be a reliable and durable method of one-stage repair for extensive and panurethral stricture disease. Erickson et al. [66] also showed that one-stage, segmental urethral replacement surgery is possible using the combination of a dorsal onlay BMG and a ventral onlay circular fasciocutaneous flap.
Tavakkoli Tabassi et al. [67] reported the surgical details and results of one-stage transperineal urethroplasty using dorsal BMG in the treatment of 17 men with panurethral stricture. The final success rate was 88.2% at a mean follow-up of 8.5 months [67] . Kulkarni et al. [25] developed a new one-sided anterior dorsal BMG urethroplasty while preserving the lateral vascular supply to the urethra. Kulkarni et al. [68] presented their experience with panurethral stricture repair using this one-stage, one-side dissection dorsal onlay repair with BMG. The records of 117 consecutive men who underwent treatment for panurethral stricture were reviewed. Mean stricture length was 14 cm and median follow-up was 59 months. The overall success rate was 83.7% with a success rate of 86.5% for primary urethroplasty and 61.5% in patients in whom urethroplasty had previously failed. Most recurrent strictures developed at the proximal end of the graft [68] .
CONCLUSIONS
The surgical treatment of urethral stricture is continually evolving. No one technique is appropriate for all situations and the successful surgeon will have a repertoire of methods from which to choose. Since the early 1990s, BMG was introduced in urethral reconstructive surgery and has become the first choice of most practicing urologists. The results of excision and end-to-end anastomosis for short sharp strictures of the bulbar urethra are excellent. Nonetheless, some surgeons are adopting a nontransecting approach. To transect or not to transect the bulbar urethra in nontraumatic urethral strictures remains an issue that is open to debate. When a patch is needed, either for augmentation or substitution urethroplasty for a bulbar urethral stricture, the evidence is in favor of using a graft. A BMG is easier to harvest, and the take is more reliable and has less donor site complications. There have been numerous debates about whether a graft should be placed dorsally or ventrally.
Penile urethral strictures are different from bulbar urethral strictures. Flaps are preferred to grafts in long, recurrent penile urethral strictures. The Orandi technique remains the gold standard for nonobliterative strictures within the penile shaft. Several surgeons have developed new one-stage flap urethroplasties based on the Orandi technique. Among these modified procedures, the penile circular fasciocutaneous flap, as first described by McAninch [35] , seems to be the most useful technique with good surgical outcomes. Recently, one-stage dorsal BMG urethroplasty has become popular for the management of penile urethral stricture. However, in patients who have experienced failed hypospadias repair or in whom the penile skin and urethral plate are not suitable for urethroplasty, two-stage (usually multistage) urethroplasty is recommended [31, 49] .
Management of panurethral strictures remains a great challenge even for experienced urologists. We have to remember that perineal urethrostomy is a reasonable option for patients who are not good candidates for surgical treatments. Staged urethroplasty, such as the Johanson technique with or without the use of grafts, is still a good surgical option. As a one-stage operation, another approach uses a penile circular fasciocutaneous flap with several modifications or simultaneous use of BMG. Recently, one-stage dorsal BMG urethroplasty with perineal incision has been suggested as a useful technique.
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